Introduction 5-Hydroxytryptophan (5-HTP) supplements are available over the counter and labeled as sleeping aids and anxiolytics for human use. 5-HTP is a serotonin precursor and overdose can lead to serotonin syndrome. Case Report A 9-month-old female Labrador retriever was evaluated after ingestion of a 5-HTP supplement. Signs of agitation developed within 1 h of ingestion, and emesis was attempted by the owner with 3% hydrogen peroxide (H 2 O 2 ) orally. On presentation, the dog was obtunded, bilaterally mydriatic and salivating. Physical exam revealed tachypnea, tachycardia, hyperthermia, and hypertension. Eighteen hours post presentation, the dog developed melena, hematemesis, and pigmenturia. A hemogram revealed mild anemia with evidence of oxidative erythrocyte damage (eccentrocytes, Heinz bodies, and siderocytes). A chemistry panel revealed markedly elevated creatine kinase and hyperbilirubinemia, supporting hemolytic anemia. A urinalysis revealed pigmenturia. Hemolytic anemia was presumed to be caused by oxidative damage secondary to gastrointestinal ulceration and circulatory embolism of H 2 O 2 . Treatment included fluid therapy, a mannitol constant rate infusion, antiemetics, gastroprotectants, and cyproheptadine as a serotonin antagonist. The patient responded well to treatment and was discharged within 48 h of presentation. Discussion Serotonin syndrome is an increasingly common toxic syndrome in veterinary medicine with the availability of over-the-counter medications that alter serotonin metabolism. The importance of appropriate client education regarding emesis with H 2 O 2 is highlighted.
Introduction
Serotonin syndrome is classified as a range of clinical signs associated with elevations in the body's serotonin level through a variety of mechanisms, including intoxication with serotonin precursors, or through ingestion of drugs that alter serotonin regulation, resulting in persistence of serotonin at nerve terminal sites [1] . The syndrome is well recognized in the medical literature, and the prevalence of serotonin syndrome in both humans and non-human animals has increased over the past 15 years with increasing use of pharmaceuticals as antidepressants [1] . In normal metabolism, serotonin is produced in two steps, through hydroxylation of tryptophan into 5-hydroxytryptophan (5-HTP) and then decarboxylation into serotonin [1] . Serotonin is synthesized and stored in serotonergic and catecholaminergic neurons as well as the pineal gland in the central nervous system (CNS). Outside of the CNS, serotonin synthesis mostly occurs in enterochromaffin cells and, to a lesser extent, platelets [2] . The resulting clinical signs involve many systems and include tachycardia, hypertension, hypersalivation, nausea, vomiting, hyperthermia, tachypnea, and a range of CNS signs including sedation, recumbency, hyperexcitability, agitation, tremors, mydriasis, and seizures [1] . While serotonin intoxication is life-threatening, it responds well to prompt medical therapy and a majority of dogs recover within 12 h of initiation of treatment [3] .
A 25-kg, 9-month-old female intact Labrador retriever was presented to the emergency room after ingestion of an overthe-counter 5-HTP supplement. The dog ingested approximately 30 tablets containing 100 mg 5-HTP each as the active ingredient, giving an estimated dose of 120 mg/kg. The dog's owner noted the ingestion and attempted to induce emesis unsuccessfully at home by administering approximately 9.5 mL/kg of 3% H 2 O 2 per os. Within an hour post ingestion of the supplement, the dog started showing the first signs of agitation and was taken to the primary care veterinarian for evaluation. On presentation, the dog was tachycardic at 150 beats per minute (bpm, reference range 80-118 bpm [4] ), hyperthermic at 40.0°C (reference range 37.9-39.9°C [5] ), and hypertensive with a systolic blood pressure of 174 mmHg (reference range 111-145 mmHg [4] ). The ASPCA Animal Poison Control Center was consulted at that time. The patient was administered 20 mL/ kg of Lactated Ringer's solution, maropitant, acepromazine, methocarbamol, and rectal butorphanol before referral to a veterinary teaching hospital.
On presentation to the veterinary teaching hospital, approximately 4 h post ingestion, the patient was laterally recumbent and obtunded, showing periodic response to noxious and noise stimulation and occasional thrashing behavior. Mydriasis was present bilaterally with an intact pupillary light response and decreased gag response. Temperature was 40.3°C, heart rate was 160 bpm and systolic blood pressure was elevated at 231 mmHg. Respiratory rate and effort were increased at 72 breaths per minute (reference range 18-34 breaths per minute [5] ) and profuse salivation was noted.
Initial diagnostics were performed including a venous blood gas panel revealing a severe respiratory acidosis and metabolic acidosis, with a lactate of 1.8 (reference range 0-2 mmol/L). A mildly elevated potassium of 5.33 mmol/L (reference range 3.9-5.1 mmol/L) was noted, and blood glucose (106 mg/dL; reference range 60-120 mg/dL) and packed cell volume (43%; reference range 42-57%) results were within normal limits. Urine was noted to be port-wine colored and was consistent with pigmenturia upon centrifuging the sample. Three-view thoracic radiographs revealed a mild-to-moderate, asymmetric interstitial lung pattern worse in the right caudal lung lobe. Differentials for this finding included aspiration pneumonia and non-cardiogenic pulmonary edema secondary to intoxication [6] .
Initial treatments included intravenous fluid therapy rate of 120 ml/kg/day with isotonic buffered fluids. Oxygen therapy via nasal cannula was instituted due to the concern for respiratory depression, and continuous ECG and blood pressure monitoring were performed overnight. A urinary catheter was placed to continue monitoring urinary output due to the concern of pigment induced acute kidney injury (AKI).
The following morning, the patient remained obtunded and tachypneic (60 breaths per minute) with a sustained systolic hypertension (140-200 mmHg). Mydriasis, salivation, and pigmenturia did not improve. A urinalysis obtained through cystotomy showed a specific gravity of 1.030, proteinuria, bilirubinuria, and 20-100 rbc/HPF, centrifugation again confirmed pigmenturia in addition to the hematuria. Bloodwork was performed 18 h post intoxication and a complete blood count (Table 1 ) revealed a non-regenerative anemia. Few nucleated red blood cells, large numbers of eccentrocytes, and few Heinz bodies and siderocytes were indicative of intravascular hemolytic anemia from oxidative damage to red blood cells. A mixed stress and inflammatory leukogram was present with mild toxic changes observed in neutrophils. The chemistry profile (Table 2 ) revealed mild elevations in alanine aminotransferase (ALT) and aspartate aminotransferase (AST), mild hypoalbuminemia, moderate hyperbilirubinemia, and markedly elevated creatine kinase. Inflammatory changes were consistent with gastroenteritis from oral hydrogen peroxide administration. Indirect and total hyperbilirubinemia was consistent with hemolytic anemia, and elevated creatine kinase was consistent with the episodic muscle tremors.
Cyproheptadine was administered at a dose of 1.1 mg/kg orally every 2-4 h. Cyproheptadine is a serotonin antagonist and has been used to reduce the duration of clinical signs associated with serotonin syndrome in some human patients and has shown promise for treating canine patients [3] . To increase diuresis, fluids were maintained at 120 mL/kg/day and a mannitol continuous rate infusion was instituted at 100 mg/kg/h. Diuresis does not enhance renal excretion of serotonin [3] ; however, fluid diuresis and mannitol therapy are used to protect against pigmenturia induced AKI. Antiemetic therapy was instituted with maropitant at 1 mg/kg intravenously every 24 h. Gastroprotectant therapy was initiated due to the history of high-dose hydrogen peroxide administration, pantoprazole was administered at 1 mg/kg intravenously every 12 h, and sucralfate at 1 g orally every 4 h.
The patient showed a rapid response to therapy and became markedly more alert and ambulatory throughout the day. Pigmenturia markedly improved and the urinary catheter was removed. Mydriasis and salivation were resolved; however, the patient developed hematochezia in the evening and metronidazole was started at a dose of 10 mg/kg orally every 12 h. Improvement continued overnight and a complete blood count and renal panel were submitted the following morning, which showed improvement (Tables 1 and 2 ). The patient was discharged with oral medications including sucralfate, omeprazole, and metronidazole. Labwork at the primary veterinarian one week after discharge demonstrated improvement in regenerative anemia and chemistry values within references ranges.
Discussion
Serotonin syndrome can be life-threatening due to the widespread effects of serotonin on multiple organ systems. The minimum toxic dose for dogs is reported to be 23.6 mg/kg, with a reported minimum lethal dose of 128 mg/kg [3] . This dog's ingestion of 5-HTP was estimated to be 120 mg/kg, near the given minimum lethal dose of the serotonin precursor. While the consequences of untreated serotonin toxicosis can be dire, prompt and aggressive intervention has a good prognosis and affected dogs can fully recover within 36 h [3] . Supportive treatment is aimed at ameliorating clinical signs and includes antiemetic therapy, fluid therapy, sedation or neurological support, and monitoring cardiac and renal function. Additionally, cyproheptadine has shown variable success as a serotonin antagonist [3] . In this case, mannitol therapy was used in conjunction with fluid diuresis to decrease the risk of renal injury due to pigmenturia. The effects of mannitol include expansion of intravascular blood volume, renal vasodilation, and osmotic effects, which increases intratubular pressure to overcome tubular obstruction, and the use of mannitol in cases of human myoglobinuria secondary to rhabdomyolysis is supported in clinical studies [7] . Although the origin of pigmenturia in this case was not confirmed to be myoglobinuria versus hemoglobinuria, this therapy can be considered as an adjunct for serotonin syndrome if pigmenturia is present. Prognosis is worse in dogs when severe signs occur, including arrhythmias, seizures, and other complications of serotonin syndrome such as rhabdomyolysis resulting in myoglobinuria and AKI, disseminated intravascular coagulation, and respiratory depression.
An important aspect to highlight in this case is the additional finding of intravascular hemolytic anemia corrosive damage, gas production, and oxidative damage [9] , which can produce gastrointestinal ulceration, possibly resulting in perforation, gastric dilatation due to oxygen production, and gas embolization [8, 9] . Normally, each milliliter of 3% H 2 O 2 produces 10 mL of oxygen (O 2 ) [10] . This dog was administered 240 mL, expected to produce 2. 
Conclusion
Serontonin syndrome may occur in animals after ingestion of human supplements. Recognition of this syndrome by caregivers is important, and caution is needed when using hydrogen peroxide as an emetic agent.
